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1. Introduction
In previous RAN4 meetings, the additional insertion loss coming from combining two bands for simultaneous LTE operation has been widely discussed and it has been also discussed extensively whether and how the additional insertion loss would be applied to Maximum Output Power (MOP) – i.e. Pcmax in this context – and/or Reference Sensitivity (REFSENS) in terms of a possible relaxation. A similar discussion has been held in the past for the definition of possible impacts to MOP and REFSENS in case of 4C-HSDPA operations combining two bands.
In past meetings, some contributions proposed to extend the possible relaxations from one band combination to others and from LTE to other legacy Radio Access Technologies (RAT) like HSPA and GSM [1] [2] [3]. Another contribution [4] proposed even to extend to LTE the relaxations already agreed e.g. for 4C-HSDPA. In contribution [7] some considerations from operators have been presented. In addition, contribution [8] presented a detailed analysis of possible RF architectures and corresponding relaxation proposals. Finally, contribution [9] proposed, between others, that for a UE supporting multiple low-high band combinations the same CA relaxations would apply to all bands that the UE supports (even if not part of the CA feature).
The present contribution would like to offer to the group some way-forward proposals on the basis of past discussions and with the aim to progress on this topic.

2. Discussion

The addition of the CA feature in the UE has opened several issues under discussion and still to be finalized:

1. possible impacts on MOP and REFSENS as a consequence of the additional insertion loss due to diplexer/quadplexer needed to manage a specific CA combination; the low-high combinations case has been already concluded;

2. possible reference architecture or case-by-case?

3. possible impacts on MOP and REFSENS in case of single-band operations for an aggregated band supported by the UE

4. possible impacts on MOP and REFSENS in case the same aggregated band is in two or more CA combinations supported by the UE

5. possible impacts on MOP and REFSENS in case an aggregated band is supported by the UE also for other RATs

6. possible impacts on MOP and REFSENS for any band and any RAT supported by the UE.

In the followings, the points above are discussed and corresponding proposals are made. The focus there is mainly on CA combinations without harmonic and inter-modulation problems.
2.1 Possible impacts on both REFSENS and MOP or not
During RAN4#62bis meeting there was a first discussion on the potential margins on REFSENS with respect to corresponding 3GPP minimum requirement. In particular, it was stated by one vendor company during the meeting that there are margins on REFSENS [10].

In [11] some REFSENS measurement results of LTE devices for bands 3, 7 and 20 are presented. According to such results an average delta greater than 6 dB between measured REFSENS and corresponding 3GPP minimum requirements has been observed, with a minimum delta value of about 5 dB. In [13] some other REFSENS measurement results of LTE devices for bands 3, 7 and 20 are reported, and also in this case it can be clearly seen that 3 to 7 dB margins exist.
On the basis of measurements in [11] and [13] it seems definitely reasonable to assume that on REFSENS there are considerable margins with respect to corresponding 3GPP minimum requirement, in line with the already mentioned statement in [10].
In addition, it is worth to mention that during the last one to two years, several figures for possible relaxations of REFSENS requirements have been discussed, typically around 0.1 to 0.5 dBs for CA combinations without harmonic and inter-modulation problems. Thus lower of more than an order of magnitude of measured deltas in [11] and [13].

On such basis, it can be concluded that due to huge margin between REFSENS experienced in reality and corresponding 3GPP minimum requirements, any impact on REFSENS as a consequence of Carrier Aggregation feature will be avoided, and the discussion will focus on MOP possible impacts only. 
Proposal 1: No impact on REFSENS due to support of Carrier Aggregation functionality by the UE, i.e. Δ RIB,c = 0 dB for any band for CA combinations without harmonic and inter-modulation problems.

On the basis of the proposal above, in the followings only possible impacts to MOP have been considered, i.e. ΔTIB,c only, assuming ΔRIB,c = 0 dB.
2.2 Front end architecture and design

During RAN4#62bis meeting several discussions have been held on the possible usage of a reference architecture when defining the impacts on REFSENS and MOP due to Carrier Aggregation. In [8] and [9] several options have been described and evaluated, while in [7] a view to avoid the usage of a specific architecture has been stated.

First of all, it is worth to recall that 3GPP is not addressing the implementation specific aspects at all, leaving them out of the specifications, and thus proposals trying to suit the specifications according to some specific architecture would be in disagreement with such principle.

In addition, the support of single-feed RF or multiple-feed RF is an important factor that could have a high impact on the performance of LTE carrier aggregation. Indeed, some architectures based on multi-feed RF front-ends would allow avoiding any relaxation when supporting inter-band LTE aggregation as shown in [6]. 

As an additional consideration, the definition of one or more architectures, each one focused on specific groups of band combinations as presented in [8] and [9] is considered to be really complicated, time-consuming and even too much controversial among parties since the variables to be considered would be too many (e.g. LTE bands to be supported, LTE CA combinations to be supported) and could even vary among regions and/or countries.

Furthermore, it is felt the definition of ΔTIB,c values should be focused on just the single-combination case, decoupling the issue of multiple band combinations supported by the same UE, with the aim to simplify the discussion. Nevertheless, the issues of possible impacts in case of CA combinations supported by the UE, possible impacts in case of multiple CA combinations are supported by the UE and possible impacts in case of single-band operation are correlated and therefore it is considered fundamental to agree at the same time on a solution for all of them.
On such basis and in the sake of progress, it could be considered as a technically balanced approach to define impacts on MOP separately for each band combination, considering a front end architecture specifically suited the class of such combination, as derived from [8]. This approach has been already used for low-high band combination, where the architecture depicted below has been assumed, and the impact related to the additional insertion loss due to the diplexer has been concluded in terms of ΔTIB,c  = 0.3dB and ΔRIB,c = 0 dB.
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Figure 1: Low-high band combination reference architecture (derived from [8])
In case of low-low and high-high band combinations the following architecture should be considered.
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Figure 2: Low-low and high-high band combination reference architecture (derived from [8])
Proposal 2: For each band combination, the impacts in terms of ΔTIB,c for a specific aggregated band are defined considering a reference architecture focused to such combination only (i.e. single-CA combination case is used). As already agreed in [12], “shared-pain” approach and average ETC insertion loss values will be taken into account for the definition of ΔTIB,c.
2.3 Single-band operations when such band belongs to more than one CA band combination 
In general, a UE could support one or more LTE CA band combinations, and such combinations could have a common band (e.g. a UE supporting CA band 20+3 and 3+7). Since different band combinations could be differently impacted in terms of relaxations, the same band belonging to such different combinations could be differently affected (e.g. band 3 in the example reported above). The issue in this case is which relaxation value should be allowed in case of single-band operation of such band.
There have been some proposals during the discussions held at previous RAN4 meetings to consider the worst case for the single-band operation, that is to allow the maximum relaxation among the values defined for the different combinations including the considered band.
Furthermore, during past RAN4 meetings there have been other proposals to consider the minimum relaxation value among the different supported band combinations [7]. It is worth to note that such approach is already incorporating a relaxation value compared to single band operations in case of UE not supporting CA, and therefore is already a technically balanced proposal between parties.
In general, in case of single-band operations any approach  implying a higher relaxation than the ones for the same band in some combined operations should be avoided. Therefore, the only approach that is not penalizing the single-band operation versus the aggregated operation is the allowance of at most the minimum relaxation value among the different supported band combinations.

Proposal 3: In case of single band operation for a band belonging to two or more band combinations supported by the UE, the maximum allowed relaxation ΔTIB,c is the minimum relaxation value among the ones related to such band in the different supported band combinations.
2.4 Multiple CA band combinations support

The first issue here is the definition of relaxations when several CA band combinations are supported by the UE.

In [8] and [9] several architectures related to UEs supporting more than one band combinations have been presented and analysed, focusing on CA combinations without harmonic and inter-modulation problems. In general, the possibilities in terms of combinations of number and different types of CA band combinations an UE could support (e.g. “low-low”, “low-high”, “high-high”)  are several and an approach that is defining relaxations for each of such options seems to be impracticable. Therefore, a pragmatic approach should be followed for the sake of progress.
First of all, it seems fundamental to decouple the definition of single band combination relaxations from the possible impacts when several band combinations are supported by the UE. In other words, the impacts due to the support of several band combinations by the UE should be treated separately from ΔTIB,c, that is assumed to be defined based on a specific architecture for each band combination (see proposal 2 above). 

In addition, taking also into account [8], the possible impacts due to several band combinations supported by the UE depend on the classes of the different band combinations: for example, an UE supporting only few low-high band combinations and one low-low or high-high combination could be managed without any additional impact thanks to non-generic architecture [8].

Finally, it is worth noting that in the past, possible MOP relaxations due to the multi-band support of the UE have been managed considering a maximum number of bands that does not need any relaxation to the tolerance limits, while the impacts to tolerance limits for UEs supporting more than such maximum number of bands is expected to depend on the number of supported bands and the amount is FFS (see Note 1 in table  6.2.2-1 in TS 36.101 [14]). 

Proposal 4: TIB,c values are applicable to any UE supporting up to [TBD] CA combinations. In case of UE(s) supporting more than [TBD] CA combinations, TIB,c values are FFS.
2.5 Multi-RAT operations
In the documents [1] [2] [3] [4] [9] it was proposed to extend to other legacy RATs the impacts of the relaxations discussed for Carrier Aggregation LTE, and even to extend the impacts discussed for 4C-HSDPA to LTE in cases where the UE supports the same band for both LTE CA and  other RATs.

First of all, it has to be noted that the impacts to LTE have been discussed independently from the discussions related to 4C-HSDPA, and for each value in each RAT a specific analysis has been addressed.

Therefore, allowing now a cross-impact would change the meaning of the relaxation values compared to what originally discussed. In particular, when the relaxations for 4C-HSDPA have been discussed, it was stressed that such relaxations would not have been directly applicable to LTE [5].
In addition, it is worth to note that the relaxations in case of some LTE combined operations could be derived taking into account even the effects of harmonics and/or intermodulation products. However, the effects of such harmonics and/or intermodulation could be different in different RATs, and thus cannot be generalized.
Proposal 5: The possible impacts on other RATs due to the Carrier Aggregation functionality supported by the UE in cases where the UE supports the same band(s) for both LTE CA and  other RATs can be discussed and analysed on a separate and case-by-case basis, and any automatic and mutual extension of relaxations among different RATs is not considered.
2.6 Impacts on other bands
In documents [8] and [9] it was proposed to extend to other non-CA or non-LTE bands supported by the UE the impacts of the relaxations discussed for Carrier Aggregation LTE, according to some generic UE architectures.

First of all, it has to be noted that the impacts to LTE due to CA have been discussing focusing specifically on the Carrier Aggregation feature and its impacts on the UE architecture, and the possible impacts on requirements have been justified as a “price to pay” for a new feature. Unfortunately, extending impacts to other LTE or non-LTE bands not involved at all in the Carrier Aggregation feature would seem not justified by the same principle.
In addition, the automatic extension of impacts to other non-CA and non-LTE bands seems to be not technically justified, since the extension would depend on the specific UE architecture and on the band combinations supported by the UE and could be very difficult to define a generic rule for that.
Proposal 6: The extension of impacts to non-CA and non-LTE bands supported by the UE due to the Carrier Aggregation functionality is not considered. 
3. Summary and conclusion

The present contribution has offered to the group some way-forward proposals on the basis of past discussions and with the aim to progress on this topic.

It is recognized that the issues of possible impacts in case of CA combinations supported by the UE, possible impacts in case of multiple CA combinations are supported by the UE and possible impacts in case of single-band operation are correlated and therefore it is considered fundamental to agree at the same time on a solution for all of them.

Proposal 1: No impact on REFSENS due to support of Carrier Aggregation functionality by the UE, i.e. Δ RIB,c = 0 dB for any band for CA combinations without harmonic and inter-modulation problems.

Proposal 2: For each band combination, the impacts in terms of ΔTIB,c for a specific aggregated band are defined considering a reference architecture focused to such combination only(i.e. single-CA combination case is used). As already agreed, “shared-pain” approach and average ETC insertion loss values will be taken into account for the definition of ΔTIB,c.
Proposal 3: In case of single band operation for a band belonging to two or more band combinations supported by the UE, the maximum allowed relaxation ΔTIB,c is the minimum relaxation value among the ones related to such band in the different supported band combinations.
Proposal 4: TIB,c values are applicable to any UE supporting up to [TBD] CA combinations. In case of UE(s) supporting more than [TBD] CA combinations, TIB,c values are FFS.
Proposal 5: The possible impacts on other RATs due to the Carrier Aggregation functionality supported by the UE in cases where the UE supports the same band(s) for both LTE CA and  other RATs can be discussed and analysed on a separate and case-by-case basis, and any automatic and mutual extension of relaxations among different RATs is not considered.
Proposal 6: The extension of impacts to non-CA and non-LTE bands supported by the UE due to the Carrier Aggregation functionality is not considered.
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